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The therapeutic effect on HCl/ethanol induced gastric injury of Gardenia jasminoides (JXGJ-1 and JXGJ-2)
were determined by a animal model. JXGJ-2 group reduced area of its gastric injury as compared to the
control group, JXGJ-2 also helped in decreasing the gastric secretion volume results raised in pH value.
The NO contents in serum, heart, liver, kidney and stomach of JXGJ-2 group were more than JXGJ-1 and
control groups. JXGJ-2 reduce cytokine levels as compared to JXGJ-1 and control group. The serum and
gastric tissue SOD, GSH-Px, GSH levels in JXGJ-2 treated mice were higher than JXGJ-1 treated and
control mice, but the MDA, PC levels showed the crosscurrents, these levels were close to normal mice.
Gardenia jasminoides could increase the occludin, EGF, EGFR, VEGF, IkB-a, nNOS, eNOS, Cu/Zn-SOD, Mn-
SOD, CAT, GSH-Px (GSH1) mRNA and protein expressions and decrease the p38MAPK (p38), NF-kB, Bcl-2,
COX-2, iNOS expressions in gastric tissues unlike to the control mice, JXGJ-2 had much better effect than
JXGJ-1. JXGJ-1contained the higher genipin gentiobioside and gardenoside, they might be the key
components of gastric injury inhibition. Gardenia jasminoides had a remarkable effect on gastric injury,
and they were derived from two important components of genipin gentiobioside and gardenoside.
© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of Japanese Pharmacological
Society. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Firstly it was recorded in ancient Chinese medical book as
Shennong's Herbal Classic, Gardenia jasminoides is the dry ripe fruit
of Rubiaceae gardenia plant, which has the strong effect of heat-
clearing and detoxifying, so it is widely used in the modern clin-
ical treatments of many kinds of diseases, such as acute viral hep-
atitis, esophagitis, canker sores, coronary heart disease,
neurasthenia and insomnia (1). Research projects had proved that
iridoid constituents and crocins were the most effective and majorghai University of Traditional
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d/4.0/).chemicals components of Gardenia jasminoides (2,3). Among these,
gardenoside had the highest activity while genipin gentiobioside,
crocin 1 and crocin 2 were the core effective constituents of
gardenia. Gardenia jasminoides had many effects, such as liver-
detoxiﬁcation, anti-inﬂammation, anti-diabetic effects as well as
anti-tumor, while genipin gentiobioside could protect liver and
gallbladder also had the anti-inﬂammatory and anti-tumor effects.
Crocin 1 and crocin 2 had similar biological activity to show anti-
inﬂammatory effect (2).
High concentration of ethanol can directly corrode gastric mu-
cosa tissues, causing acute gastric mucosa inﬂammation, mucosal
hyperemia, edema, hemorrhage, erosion and ulceration in the
mucosa (4). Ethanol can cause gastric mucosa damage by
enhancing gastric mucosa damage factors, weakening gastric mu-
cosa protection factors and overloading calcium in cells (5). In the
meantime, because there are alcohol dehydrogenase and xanthine
oxidase in the stomach, which are absorbed by stomach, alcohol
dehydrogenase can catalyze ethanol into acetaldehyde andnese Pharmacological Society. This is an open access article under the CC BY-NC-ND
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icals. Free radicals have a very important role in the process of
alcoholic tissue injury (6). Free radicals obviously enhance mucosal
cell lipid peroxidation reaction, while capillary endothelial cells are
damaged, causing higher permeability (7). Ethanol can cause
oxidation reaction in cells, the change of mitochondrial perme-
ability and mitochondrial depolarization, which accelerates the
death of gastric mucosa cells (8).
Though molecular biology method, this study observed two
kinds of gardenia, produced in Jiangxi Province, China, had an
inhibiting effect on mice alcoholic gastric mucosal damage more-
over detected the mechanism of antioxidant capacity of Gardenia
jasminoides on alcoholic gastric mucosa damage control, and
further conﬁrms the key chemical composition of gardenia which
effects most on alcoholic gastric mucosa damage. The results will
accumulate the theory basis for further development of Gardenia
jasminoides as both edible and medical resources.
2. Materials and methods
2.1. Preparations of Gardenia jasminoides extract
Two kinds of Gardenia jasminoides were purchased in Jiangxi
Province, China. These Gardenia jasminoides (JXGJ-1 and JXGJ-2)
were authenticated by Dr. Long Song in Department of Pharma-
cognosy, Shanghai University of Traditional Chinese Medicine
(Shanghai, China) and these Gardenia jasminoides were stored
at 80 C prior to being freeze-dried to produce a powder. The 20-
fold volume of 70% methanol was used to extract the powdered
Gardenia jasminoides by sonic extract (power 250 W, frequency
40 kHz). The methanol extract was evaporated using the rotary
evaporator (N-1100; Eywla, Tokyo, Japan) (9).
2.2. Animal experiment
The 7 weeks old male ICR mice were purchased from Chongqing
Medical University and 50 mice were divided into seven groups
(normal group, control group, JXGJ-1, JXGJ-2, genipin gentiobioside,
gardenoside treated groups and positive control group). The control
groupmicewere also treated with 0.2mL distilled water, the JXGJ-1
treatment group and JXGJ-2 treatment group mice were treated
with 500 mg/kg JXGJ-1 and JXGJ-2, the positive control mice were
treated with genipin gentiobioside (200 mg/kg), gardenoside
(200 mg/kg) and omeprazole (30 mg/kg) once a day for 2 weeks all
the mice have not beed fed for 24 h at the 14th day, then the mice
(control, JXGJ-1, JXGJ-2 group and positive control groups) except
normal mice all other groups were treated with HCl/ethanol
(0.1 mL/10 g b.w., 60% in 150 mM HCl) to induce gastric injury (12).
After HCl/ethanol treatment of 30 min. Another animal experiment
were done using 40 mice, these mice were divided into four groups
(normal, oxidation control, JXGJ-1 and JXGJ-2 treated groups),
oxidation control, JXGJ-1 and JXGJ-2 treated group mice were
treated by intraperitoneal injection (160 mg/kg D-galactose) for 2
weeks, all micewere sacriﬁced using CO2 intravenously followed by
collection of the gastric tissues. The experiments were performed
under the protocol approved by the Animal Ethics Committee of
Chongqing Medical University (Chongqing, China).
2.3. Mice gastric injury evaluation
The gastric secretion volume and pH of gastric juice of mice
were determined using a 10 mLmeasuring cylinder and Seven Easy
pH meter (MettlerToledo, Schwerzenbach, Switzerland) respec-
tively. The isolated stomachs were inﬂated by injecting 10 mL of 1%
formalin solution for 10min to ﬁx the tissues, and opened along thegreater curvature. The area (cm2) of hemorrhagic lesions that had
developed in the stomach was measured under a digital camera
(D550, Canon, Tokyo, Japan) with a square grid and analyzed by
1.44 ImageJ software. The gastric injury inhibitory rate
(%) ¼ (1  gastric injury area of sample treated mice/gastric injury
area of control mice)  100 (10).
2.4. Mice serum and gastric tissue levels measurement
The mice serum treated with centrifugal separation (4000 r/
min, 10 min) for blood serum manufacture by high speed temper-
ature centrifuge (H2050R, Xiangyi centrifuge instrument Co., LTD,
Changsha, Hunan, China) and the and gastric tissues were treated
by homogenate process. Then the NO, SOD, GSH-Px, GSH, MDA and
PC serum and gastric tissue levels were determined by experiment
kits (Beijing PuerWeiye Biotechnology Co., Ltd., Beijing, China).
2.5. Mice cytokine IL-6, IL-12, TNF-a and IFN-g levels measurement
Serum IL-6, IL-12, TNF-a and IFN-g levels were measured with a
commercial ELISA kit (ELISA MAX, Biolegend, San Diego, CA, USA)
according to the manufacturer's protocol (10).
2.6. RT-PCR assay
The mice gastric tissues were extracted from RNA by RNAzol
reagent (Gene Copoeia Inc., MD, USA). RNA extraction from gastric
tissues was diluted to 1 mg/mL. Then the 1 mL of oligod T18, RNase,
dNTP, MLV enzymes and 10 mL of 5 buffer were added into the 2 mL
RNA extraction of gastric tissues to synthesize cDNA under the
conditions of 37 C for 120min, 99 C for 4min, 4 C for 3min. Then
the expressions were ampliﬁed by the method of reverse
transcription-polymerase chain reaction. PCR was then carried out
in an automatic thermocycler (Bioneer, Daej-eon, South Korea) for
30 cycles (94 C for 30 s, 55 C for 30 s, and 72 C for 40 s) followed
by an 8-min extension at 75 C. Agarose gel (1%) with ethidium
bromide was used for electrophoresis to check the PCR ampliﬁca-
tion products (10).
2.7. Western blot assay
Protein lysates were added into the gastric tissues of mice after
rinsing with pre-cooled PBS for 3 times, lysed at 4 C and centri-
fuged (10,000 r/min) for 15 min. Supernatant proteins were then
extracted and mixed with SDS-PAGE (sodium dode-
cylesulfateepolyacrylamide gel electrophoresis) loading buffer.
Primary antibodies were put into them after SDS-PAGE gel elec-
trophoresis and transfer to a membrane, and the proteins were
placed overnight at 4 C. Then horseradish peroxidase-conjugated
secondary antibodies were incubated with the proteins at room
temperature. At last, immunoreactive proteins were tested with a
chemiluminescent enhanced chemiluminescence assay kit (GE
Healthcare, Uppsala, Sweden) and observed with a LAS3000
luminescent image analyzer (Fujiﬁlm, Tokyo, Japan) with b-actin as
internal reference (10).
2.8. HPLC assay
The genipin gentiobioside, geniposide, crocin 1, crocin 2 stan-
dard were prepared respectively in 20 mL volumetric ﬂasks.
Methanol was added to adjust reference substance mother liquids
with the concentrations of 1.03 mg/mL, 1.07 mg/mL, 0.103 mg/mL
and 1.02 mg/mL, then the four reference substance solutions were
mixed 5 times dilution and the mixed reference substance solution
was ﬁnally obtained. The liquid chromatogram experiment was
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UPLC BEH C18 chromatographic column (2.1mm 50mm,1.7 mm);
acetonitrile (A) and 0.2% phosphoric acid solution (B) were used as
mobile phase by gradient elution (8e20% A in 0e3 min, 20e35% A
in 3e8min); the detectionwavelength was 238 nm in 0e5min and
440 nm in 5e8 min; the ﬂow rate was 0.3 mL/min; the column
temperature was 30 C; the sample volume was 2 mL.
2.9. Statistical analysis
The measurings were done for three times and the data was
marked as the mean ± SD. The differences between the mean
values for individual groups were assessed by TukeyeKramer
method. P < 0.05 was considered as an indication for a statistically
signiﬁcant difference. The SAS v9.1 statistical software package
(SAS Institute Inc., Cary, NC, USA) was used for the analysis.
3. Results
3.1. Stomach appearances of mice
After the mice were induced gastric injury by HCl/ethanol, the
control mice had the largest gastric injury area (1.33 ± 0.22 cm2),
Gardenia jasminoides could reduce the gastric injury area, and the
JXGJ-2 (0.31 ± 0.15 cm2, 76.7 ± 1.1% inhibitory rate) showed the
better gastric injury inhibitory effects than JXGJ-1 (0.69 ± 0.18 cm2,
48.1 ± 2.1% inhibitory rate), and these effects were similar to
200 mg/kg of genipin gentiobioside (0.26 ± 0.02 cm2, 80.5 ± 0.2%
inhibitory rate), gardenoside (0.19 ± 0.02 cm2, 85.7 ± 0.5% inhibi-
tory rate) and 30 mg/kg of omeprazole (0.17 ± 0.03 cm2, 87.2 ± 0.4%
inhibitory rate) (Fig. 1).
3.2. Gastric secretion volume and pH of gastric juice of mice
The control mice had the highest gastric secretion volume, also
had the lowest pH of the gastric juice (Table 1). JXGJ-1, JXGJ-2,
genipin gentiobioside, gardenoside and omeprazole reduced the
gastric secretion volume and raise the pH of the gastric juice as
compared to the control group, these indexes of JXGJ-2 were close
to normal mice and drug positive control mice (omeprazole).
3.3. Cytokine IL-6, IL-12, TNF-a and IFN-g serum levels of mice
The cytokine IL-6, IL-12, TNF-a and IFN-g levels in normal mice
were lowest, HCl/ethanol solution treatment could increase theseFig. 1. Stomachs of HCl/ethanol induced gastric injury mice.levels inmice, on the other hand control mice had the highest levels
(Table 2). After Gardenia jasminoides treatment, the inﬂammation-
related cytokine levels (IL-6, IL-12, TNF-a and IFN-g) reduced in
gastric injury mice, and surprisingly JXGJ-2 could make these levels
even close to the normal condition.
3.4. NO (nitric oxide), SOD (superoxide dismutase), GSH-Px
(glutathione peroxidase), GSH (glutathione), MDA
(malondialdehyde), PC (protein carbonyl) serum and gastric tissue
levels of mice
The serum and gastric tissue NO, SOD, GSH-Px, GSH levels in
normal mice were highest, but the MDA, PC levels were lowest
(Table 3). After inducing gastric injury by HCl/ethanol (control
mice), the NO, SOD, GSH-Px, GSH levels reduced andMDA, PC levels
were raise as compare to the normal mice. Gardenia jasminoides
had the higher NO, SOD, GSH-Px, GSH levels than the control mice
and lower MDA, PC levels than the control mice. These levels in
JXGJ-2 treated mice were almost same as the normal mice.
The SOD, GSH-Px, GSH levels in oxidation control were lowest,
but MDA was highest (Table 4). JXGJ-1 and JXGJ-2 could raise SOD,
GSH-Px, GSH levels and reduce MDA level compared to the
oxidation control, and these levels of JXGJ-2 treated mice were
closest to the normal mice.
3.5. mRNA and protein expression of gastric tissues of mice
The gastric tissue of mice was determined by RT-PCR and
western blot assays, the results of expressionswere shown in Figs. 2
and 3. The normal mice had the largest occludin, EGF, EGFR, VEGF,
IkB-a, nNOS, eNOS, Cu/Zn-SOD, Mn-SOD, CAT and GSH-Px (GSH1)
mRNA (RT-PCT) and protein (western blot) expressions as compare
to all other groups, and the normal mice showed the lowest
p38MAPK (p38), NF-kB, Bcl-2, COX-2, iNOS expressions, meanwhile
the control mice showed the opposite trends. Gardenia jasminoides
could increase occludin, EGF, EGFR, VEGF, IkB-a, nNOS, eNOS, Cu/
Zn-SOD, Mn-SOD, CAT and GSH-Px (GSH1) expressions and
decrease p38MAPK (p38), NF-kB, Bcl-2, COX-2, iNOS expressions
compared to the control, and these expressions in JXGJ-2 treated
mice were closer to normal mice than JXGJ-1 treated mice.
3.6. Constituent of Gardenia jasminoides
The standard of genipin gentiobioside, gardenoside, crocin 1 and
crocin 2 were dissolved in methanol, the standard solutions wereJXGJ: Gardenia jasminoides from Jiangxi Province, China.
Table 2
Cytokine IL-6, IL-12, TNF-a and IFN-g levels of HCl/ethanol induced gastric injury
mice.
Group IL-6 (pg/mL) IL-12 (pg/mL) TNF-a (pg/mL) IFN-g (pg/mL)
Normal 48.17 ± 3.12d 208.94 ± 22.80d 39.12 ± 1.50d 35.12 ± 2.02d
Control 157.93 ± 9.84a 951.63 ± 65.21a 122.58 ± 9.71a 114.51 ± 8.74a
JXGJ-1 105.43 ± 7.21b 687.18 ± 47.25b 82.14 ± 5.93b 85.12 ± 5.64 b
JXGJ-2 70.53 ± 6.92c 445.36 ± 32.73c 65.15 ± 4.52c 57.95 ± 3.68c
aed Mean values with different letters in the same column are signiﬁcantly different
(P < 0.05) according to TukeyeKramer method.
JXGJ: Gardenia jasminoides from Jiangxi Province, China.
Table 1
Gastric secretion volume and pH of gastric juice of HCl/ethanol induced gastric
injury mice.
Group Gastric secretion
volume (mL)
pH of the
gastric juice
Normal 0.34 ± 0.03f 3.4 ± 0.1f
Control 1.89 ± 0.26a 1.0 ± 0.1e
JXGJ-1 1.22 ± 0.18b 1.7 ± 0.2 d
JXGJ-2 0.65 ± 0.10c 2.5 ± 0.1c
Genipin gentiobioside 0.53 ± 0.03d 2.7 ± 0.1 d
Gardenoside 0.46 ± 0.04e 2.9 ± 0.1e
Omeprazole 0.43 ± 0.04e 3.0 ± 0.1e
aef Mean values with different letters in the same column are signiﬁcantly different
(P < 0.05) according to TukeyeKramer method.
JXGJ: Gardenia jasminoides from Jiangxi Province, China.
Table 4
Serum SOD, GSH-Px, GSH and MDA levels of D-galactose induced oxidation mice.
Serum SOD (U/mL) GSH-Px (U/mL) GSH (mg/mL) MDA (nmol/mL)
Normal 134.21 ± 7.35a 512.35 ± 29.77a 13.28 ± 1.55a 11.78 ± 1.69d
Oxidation
control
65.28 ± 3.88d 197.86 ± 21.65d 3.98 ± 0.31d 60.17 ± 5.85a
JXGJ-1 89.36 ± 5.31c 297.28 ± 19.86c 6.11 ± 0.46c 42.18 ± 4.08b
JXGJ-2 110.97 ± 4.49b 364.18 ± 22.36b 8.02 ± 0.41b 28.58 ± 3.62c
aed Mean values with different letters in the same column are signiﬁcantly different
(P < 0.05) according to TukeyeKramer method.
JXGJ: Gardenia jasminoides from Jiangxi Province, China.
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0.5150, 0.2575, 0.1288, 0.0644 and 0.0322 mg/mL; gardenoside:
1.0700, 0.5350, 0.2675, 0.1338, 0.0669 and 0.0334 mg/mL; crocin 1:
0.2575, 0.1288, 0.0644, 0.0322, 0.0161 and 0.0080 mg/mL; crocin 2:
0.0638, 0.0319, 0.0159, 0.0080, 0.0040 and 0.0020 mg/mL). The
standards (genipin gentiobioside, gardenoside, crocin 1 and crocin
2) were determined by HPLC and the date of standard concentra-
tions was horizontal ordinate (X) and the peak area was vertical
ordinate (Y), the standard curves were calculated (genipin gentio-
bioside: Y ¼ 5  106Xþ 17485, r ¼ 0.9999, linear range
0.0322e1.0300 mg/mL; gardenoside: Y ¼ 1  107Xþ 96992,
r ¼ 0.9999, linear range 0.0335e1.0700 mg/mL; crocin 1:
Y ¼ 4  107Xþ 101764, r ¼ 0.9998, linear range 0.0081e0.2527 mg/
mL; crocin 2: Y ¼ 4  107X  5784.4, r ¼ 0.9999, linear range
0.0020e0.0638 mg/mL). Genipin gentiobioside, gardenoside, cro-
cin 1 and crocin 2 contents of two kinds of Gardenia jasminoides
extracts from Jiangxi Province in China were calculated by standard
curves, these chemical constitutions of JXGJ-1 were 0.96%, 3.53%,
0.65%, 0.10%, and these constitutions of the Gardenia jasminoides
from same producing place (JXGJ-2) were 1.72%, 4.35%, 0.49%, 0.11%,
respectively (Fig. 4). The crocin 1 and crocin 2 in JXGJ-1 and JXGJ-2Table 3
Serum and gastric tissue NO, SOD, GSH-Px, GSH, MDA and PC levels of HCl/ethanol indu
Serum NO (mmol/gprot) SOD (U/mL) GSH-Px (U/m
Normal 69.83 ± 6.32a 143.54 ± 5.78a 502.47 ± 35.1
Control 22.75 ± 5.21 d 80.36 ± 4.25d 258.64 ± 12.4
JXGJ-1 40.15 ± 3.77c 105.85 ± 5.02c 358.40 ± 9.54
JXGJ-2 54.48 ± 4025 b 125.17 ± 4.59b 400.75 ± 10.2
Gastric tissue NO (mmol/gprot) SOD (U/mgprot) GSH-Px (U/mgpr
Normal 11.37 ± 0.55a 191.20 ± 8.17a 275.20 ± 7.23a
Control 3.58 ± 0.32 d 136.72 ± 6.10d 182.54 ± 5.42d
JXGJ-1 7.14 ± 0.44c 163.31 ± 6.22c 224.27 ± 8.26c
JXGJ-2 9.37 ± 0.40 b 172.10 ± 7.20b 252.36 ± 7.85b
aed Mean values with different letters in the same column are signiﬁcantly different (P <
JXGJ: Gardenia jasminoides from Jiangxi Province, China.were similar, but JXGJ-2 contained more genipin gentiobioside and
gardenoside than JXGJ-1.
4. Discussion
Gastric mucosa damage caused by ethanol would lead to a great
tissue damage in gastric mucosa. Simultaneously the amount of
gastric juice had increased and the pH value of gastric juice drop-
ped. All these iconic indexes could be regarded as the key to
measuring gastric mucosa damage (11).
NO was a kind of neurotransmitter and messenger molecule
released by gastrointestinal non-cholinergic and non-adrenergic
nerve and catalyzed and generated by NOS. By increasing gastric
mucosal blood ﬂow, normal secretion of NO could maintain the
integrity of gastric mucosa epithelium, it also participate in the
protection and repair of mucosal damage on the contrary inhibit
chemotaxis and adhesion of inﬂammatory cells to protect gastric
mucosa (12). cNOS (nNOS and eNOS) was mainly distributed in
neurons and endothelial cells, which had stable activity and
constantly released a small amount of NO to protect gastric mucosa
(13). iNOS, eNOS and nNOS are proton pump inhibitors, these
proton pump inhibitors are related with the oxidation gene such as
Mn-SOD and Cu/Zn SOD (14). The drug control of omeprazole also is
a proton pump inhibitor, the anti-gastric injury of JXGJ-1 and JXGJ-2
might also has root in their effects of proton pump inhibitor.
IL-6, IL-12, TNF-a and IFN-g were all inﬂammatory cell factors.
After gastric mucosa was stimulated by external stimuli as a results
causes damage and inﬂammation, the content of IL-6, IL-12, TNF-a
and IFN-g in blood would increase signiﬁcantly (10). TNF-a and IL-6
levels of pancreatitis rats could be reduce by Gardenia jasminoides
treatment, the results were the same as the results of this study
(15).
The main physiological function of GSH was to scavenge free
radicals in body. As a kind of important antioxidant in body, it could
protect thiols in molecules such as proteins and enzymes (16).
Study had shown that after gastric mucosa was damaged byced gastric injury mice.
L) GSH (mg/mL) MDA (nmol/mL) PC (nmol/mL)
2a 12.55 ± 1.72a 12.05 ± 1.08d 0.65 ± 0.05d
5d 5.20 ± 0.54d 45.87 ± 3.58a 1.22 ± 0.10a
c 7.85 ± 0.92c 31.36 ± 2.87b 0.92 ± 0.08b
5b 9.51 ± 0.72 b 22.01 ± 2.48c 0.81 ± 0.07c
ot) GSH (mg/gprot) MDA (nmol/mgprot) PC (nmol/mgprot)
6.65 ± 0.45a 3.22 ± 0.23d 7.22 ± 0.26d
1.34 ± 0.21d 8.35 ± 0.54a 12.11 ± 0.47a
3.38 ± 0.30c 6.02 ± 0.45b 10.22 ± 0.38b
5.06 ± 0.25b 4.51 ± 0.29c 8.87 ± 0.23c
0.05) according to TukeyeKramer method.
Fig. 2. Gastric tissue occludin, p38MAPK, EGF, EGFR, VEGF, NF-kB, IkB-a, Bcl-2, COX-2, nNOS, eNOS, iNOS, Cu/Zn-SOD, Mn-SOD, CAT and GSH-Px mRNA expression of HCl/ethanol
induced gastric injury mice. Fold-ratio: gene expression/GAPDH  control numerical value (control fold ratio: 1). aed Mean values with different letters in the same column are
signiﬁcantly different (P < 0.05) according to TukeyeKramer method. JXGJ: Gardenia jasminoides from Jiangxi Province, China.
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Fig. 3. Gastric tissue occludin, p38, EGF, EGFR, VEGF, NF-kB, IkB-a, Bcl-2, COX-2, nNOS, eNOS, iNOS, Cu/Zn-SOD, Mn-SOD, CAT and GSH1 protein expression of HCl/ethanol induced
gastric injury mice. Fold-ratio: gene expression/b-actin  control numerical value (control fold ratio: 1). aed Mean values with different letters in the same column are signiﬁcantly
different (P < 0.05) according to TukeyeKramer method. JXGJ: Gardenia jasminoides from Jiangxi Province, China.
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Fig. 4. Chromatograms of Gardenia jasminoides. (A) Chromatograms of standard; (B) Chromatograms of JXGJ-1; (C) Chromatograms of JXGJ-2; 1: genipin gentiobioside; 2: gar-
denoside; 3: crocin 1; 4: crocin 2; JXGJ: Gardenia jasminoides from Jiangxi Province, China.
S. Chen et al. / Journal of Pharmacological Sciences 133 (2017) 1e8 7ethanol, GSH, SOD and GSH-Px decreased signiﬁcantly in tissues
and blood, while MDA and protein carboxyls increased signiﬁcantly
(16). Both JXGJ-1 and JXGJ-2 had antioxidant effects, these effects
could help Gardenia jasminoides protect gastric injury. Gardenia
jasminoides had a effect on brain tissue protection, Gardenia jas-
minoides could raise SOD and reduce MDA levels in brain tissue,
these results showed Gardenia jasminoides has the SOD level
increasing effect and MDA level decreasing effect like this study
(17).
Study had conﬁrmed that when the tight junction in human
gastric mucosa epithelial cells were damaged, the expression of
protein occludin would decrease exponentially. The decrease of
occludin expression could cause abnormality of structure and
function of tight junction, ultimately affects mucous membrane
physical barrier function (18). p38MAPK was one of the three main
signaling paths of mitogen-activated protein kinase (MAPKs), and
p38MAPK signaling path played an important role in the regulation
of damage and repair process of gastric mucosa epithelium. So if
stomachmucosawas damaged, p38 protein phosphorylationwould
be enhanced and p38MAPK signaling path was involved in the
damage and protection process of gastric mucosa, which might
realize by adjusting the expression of tight junction protein
occludin (19). Therefore, we believed gardenia could reduce tight
junction damage and promote repair in the process of gastric mu-
cosa damage.
EGF was a kind of endogenous substance, which could inhibit
secretion of gastric acid, promote epithelial proliferation and
nourish gastrointestinal mucosa. It played a very important role in
protecting gastric mucosa against damage factors, maintaining
gastrointestinal mucosa integrity as well as speeding the healing
process of gastric lesions through stimulating migration and pro-
liferation of cells (20). As EGFR had high speciﬁcity and afﬁnity to
EGF, so it widely existed in various epithelial cell membranes.
When EGF reached the surface of target cells, it could quickly
combine with EGFR on cell membranes, inducing its allostery and
forming receptor dimers (21). Through its receptors, VEGFspeciﬁcally affected vascular endothelial cells, promoting their
proliferation and the formation of new blood vessels helps
increasing vascular permeability, which could protect gastric mu-
cosa and promote ulcer healing. In the process of gastric mucosa
damage, the expression of VEGF protein in gastric mucosa tissue
decreased (22).
After gastric mucosal damage, NF-kB translocated in the nuclear
of injury cells, NF-kB showed over-activation (23). When gastric
mucosa cells were stimulated by exogenous stimuli, IkB on poly-
mers showed phosphorylation degradation and NF-kB were acti-
vated, moved into the nucleus and combined with speciﬁc gene
starting factors area locus, which started the transcription of target
genes including cytokines, inﬂammatory factors and adhesive
molecules and produced a large number of inﬂammatory cytokines,
aggravating gastric mucosa damage (24).
Bcl-2 was directly related to abnormal cells in gastric mucosa
tissues. Studies had shown that after gastric mucosa had began to
show lesions, the expression of Bcl-2 protein had increased grad-
ually, so Bcl-2 had an important role in regulating physiological
state of gastric mucosa (25). COX-2 were involved in pathological
reactions such as inﬂammation. Normal gastric mucosa didn't show
expression of COX-2, while expression of COX-2 in gastric mucosa
had gradually strengthened in the process of gastritis, showing
excessive expression (26).
Under normal circumstance, because of free radical scavengers
such as SOD and CAT, free radicals could be cleared in time, so there
was only a small amount of free radicals in body. The oxidation and
anti-oxidation system remained the dynamic balance, which pre-
vented the body from harm. The activity of SOD and CAT could
reﬂect the body's ability of scavenging free radicals (27). Cu/Zn-SOD
was mainly in cytoplasm, while Mn-SOD mainly existed in mito-
chondria. They both had different sensitivity to some factors. After
ethanol caused damage on gastric mucosa, the content of SOD and
CAT in tissues and bloods would drop signiﬁcantly. Similarly, GSH-
Px was also a representative anti-oxidant in human body's defense
system of removing oxygen free radicals. Increasing the expression
S. Chen et al. / Journal of Pharmacological Sciences 133 (2017) 1e88of GSH-Px could prevent gastric mucosa from damage by free
radicals (28).
In this study, mice with gastric mucosa damage were given
Gardenia jasminoides by lavage and damage to the stomach tissues
were measured. It could be seen that Gardenia jasminoides could
signiﬁcantly and satisfactorily inhibit gastric mucosa damage. Mice
serumwas further tested usingmolecular biological method, which
had proved that the Gardenia jasminoides's has a strong inhibition
effect on gastric mucosa tissue damage. Gardenoside, genipin
gentiobioside, crocin 1 and crocin 2, the main chemicals of
gardenia, had many biological activities, especially enhancing im-
munity and anti-inﬂammation (29). As for chemicals in these two
kinds of gardenia, experiments had showed that the content of
crocin 1 and crocin 2 were very close, but the content of gardeno-
side and genipin gentiobioside in JXGJ-2 were higher than that in
JXGJ-1. So it could be concluded that the protective effect of
Gardenia jasminoides on gastric mucosa mainly came from gar-
denoside and genipin gentiobioside in Gardenia jasminoides, and
these two kinds of physiological active substances are the core
chemicals of Gardenia jasminoides's effects.
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